genesis of embryonic olfactory epithelial progenitors
Results

Noggin Is Expressed by Adult Brain Ependymal Cells
Reverse-transcription-polymerase chain reaction (RT-
fractions, one consisting of Ͼ98% type A cells and the BMPs greatly reduced adult SVZ cell neurogenesis in SVZ co-cultures. As compared to controls, 50 ng/ml of other enriched for type B and C cells (Lim and AlvarezBuylla, 1999). We performed semi-quantitative RT-PCR BMP4 decreased the number of neurons born between 4 and 5DIV by over 10-fold ( Figure 3C ). And, 50 ng/ml of on the two fractions of SVZ cells ( Figure 2B ). Expression of BMP2 and 4 was higher by 20-and 25-fold, respec-BMP2 had a similar effect on SVZ neurogenesis, nearly abolishing the birth of new neurons ( Figure 3D ). The tively, in the B/C cell fraction as compared to the type A cell fraction. BMPR IA and BMPR II were detected in addition of BMPs did not change the initial SVZ cell survival as measured by plating efficiency at 24 hr, and both fractions. Interestingly, BMPR IB was detected only in the A cells. To localize BMP4 in vivo, we immunodid not increase cell death in the co-cultures (see next section). In co-cultures of type B/C cells on astrocytes, stained coronal brain sections with an anti-BMP4 antibody. BMP4 staining was not found in PSA-NCAM-posithe production of new neurons is linear at 5DIV, with peak production occurring between 7 and 9DIV (Lim tive type A cells (Figures 2C-2E) . Instead, GFAP and BMP4 co-localized ( Figures 2F-2H) , suggesting that and Alvarez-Buylla, 1999). BMP4 inhibited neurogenesis 5DIV in a dose-dependent manner, with 50% inhibition BMP4 is produced by type B cells. occurring at 0.1 ng/ml ( Figure 3E ). In this assay, BMP4 at 100 ng/ml inhibited neurogenesis by 7-fold. co-cultures were exposed to 50 ng/ml of BMP4 for 24 Figures 3A-3B show a typical colony in these co-culhr, after which the BMP ligand was removed with three tures. These colonies express markers of type A cells changes of medium. The 24 hr exposure to BMP4 reincluding the neuron-specific ␤-tubulin revealed by Tuj1 sulted in a 4-fold reduction of neurogenesis at 5DIV as staining (red, Figure 3B ). Proliferating cells (green nuclei, compared to controls that underwent a similar medium Figure 3B ) were marked with the nucleotide analog brochange at 24 hr ( Figure 3F ). Continuous exposure to modeoxyuridine (BrdU) between 4 and 5 days in vitro (DIV), demonstrating that type A cells were born in vitro.
BMP4 reduced neuronal production by 7-fold in this ing GFAP expression by nearly 50% ( Figure 7D ). In anAdult SVZ cells were co-cultured on astrocytes in the other experiment, the Western blot results paralleled presence or absence of purified Noggin protein at 3 direct counts of plated, immunostained cells (not shown). Because endogenous BMPs would be expected to reg/ml. BrdU was added at 4.5DIV or 7.5DIV, and ana- One liter of HELA cells grown in suspension was infected with the Ad5-Noggin-GFP virus at 600 viral particles/cell. 16 hr after (Jackson ImmunoResearch); anti-mouse IgG Cy3, 1:500 (Jackson ImmunoResearch); biotinylated anti-mouse IgG, 1:500 (Vector Laboinfection, the HELA cell medium was changed to a serum-free MEM. 30 hr after infection, the Noggin containing medium was collected. ratories). To reveal biotinylated antibodies, streptavidin-Cy3 or -Cy2 (Jackson ImmunoResearch) diluted 1:1000 in PBS, or peroxidase Cells were removed by centrifugation twice, and 0.2 m filtration. Noggin was purified with protocols similar to those previously deVectastain ABC reagent (Vector Laboratories) were used. Peroxidase activity was revealed by diaminobenzidine staining (Doetsch scribed (Smith et al., 1993) . Briefly, Noggin containing medium was run over a SP-sepharose column (Pharmacia). Proteins were eluted and Alvarez-Buylla, 1996). Controls in which primary antibodies were omitted or replaced with irrelevant antibodies resulted in no detectwith a linear NaCl gradient from 150 mM to 2 M. The major protein peak at 0.9 M-1.1M NaCl was collected, dialyzed, and then run over able staining. The BMP4 antibody recognized a 60 kDa band corre-
